Introduction
The dehydrating reaction of gypsum which takes the following two steps CaSCV2H2O > CaSCV (1/2)H2O + (3/2)H2O (1) CaSCV (1/2)H2O > CaSO4 + (1/2)H2O (2) has been studied by many investigators. The thermal balance and DTAmethods were very often applied, mainly for powdered samples, and their results were summarized by Sekiya7). On the other hand, the reaction engineering for the dehydration of a lump sample of gypsum was also developed by Sugiyama et al. 1>3>10) andSugimoto et al.9). However, it has not yet been elucidated how dehydration temperature, equilibrium dehydration pressure, and dehydration rate are interrelated to each other.
In this paper, the drying and the thermal dehydration of gypsum in the shape of thick circular plate and sphere were investigated, especially by using a fluidized bed. Analyzing the change of temperature profile within the gypsum sample and applying the (T, xA) reaction diagram proposed in the previous paper2\ it could successfully be clarified how the transport rates of diffusion and heat transfer affect the kinetic behavior of the process.
The reverse hydration reaction CaSO4 + (1/2)H2O > CaSCV (1/2)H2O (3) was also examined. The completely dehydrated sample was hung again in a highly humidified fluidized bed, and the results were analyzed and compared with the dehydration process. The main part of the fluidized bed was made of mild steel, 275mmI. D. and 750mm in height. Theairfrom the blower passed through the orifice flow meter (l) and then through a packed bed of silica gel beads (2) (150mm I. D.) where it was dehumidified completely.
I. Experimental Apparatus
Then it flowed through the perforated plate (3) (hole diameter=2.5mm, number of holes=121, with stainless steel sieve of 100 mesh) into the bed (4) to fluidize alumina particles {umf-2. 0cm/sec at room temperature). The bed was electrically heated, mainly by the nichrome ribbon (5) around the tower. Two pipe heaters (6) were also set in the bed to control it at a scheduled temperature between 70°C and 185°C. Temperatures at various points of the sample as well as of the apparatus were recorded continuously by an automatic recorder (7).
A head tank for water supply (9) and an evaporator (8) were also installed to make the bed highly humid for the experiment of the reverse hydration reaction of anhydrite. Calcined gypsum of superior quality made by Yoshino
GypsumCo., Ltd. and water were blended in the weight ratio of 10 to 7. After manually mixing for 5 minutes, the slurry was poured into an insulating frame ((10) in Fig. 1 ) made of glass brick of low thermal conductivity (£=0.1kcal/m-hr-°C at 100°C). Eleven C. A. thermocouples (ll) had been set along the central axis of the circular sample to measure the temperature profile within it during the course of reaction.
Experimental Procedure
The initial hydration process in the sample preparation was considered to be completely over after an hour.
Then the sample of hydrated gypsumwith surplus water was held at the center of the fluidized bed, which was at a constant temperature, keeping two flat faces of the sample vertical. The changes of temperature profile within the sample during the course of drying and dehydration processes were recorded continuously.
On the other hand, for the hydrating experiment of anhydrite, water was fed from the head tank (9) to the evaporator (8) at a constant rate (about 60cc/min), and the generated steam was spouted directly into the bed to make it highly humidified at a high temperature. Then the completely dehydrated sample was set within the bed and its interior temperatures during the course of hydration reaction were recorded continuously in the same way as in the former dehydrating experiment. werecommon to these entire series of runs:
(1) Just afterthe sample was set in the bed, the temperatures of the sample rose, rapidly and passed through a maximum. Then after a small temperature drop, they remained practically constant for a while. This stage corresponds to drying in the falling-rate period which was pointed out by Nissan et al.5) . Drying followed the unreacted core model quite closely and the temperature began to rise rapidly just whenthe evaporating surface had passed the points of the individual thermocouples.
But the temperatures indicated by the inner thermocouples still remained nearly constant.
(2) When the drying was over, the dehydration of dihydrate to hemihydrate took place. Time-temperature chart indicated that when this dehydration was over, the temperature did not rise so abruptly as in the first stage but rose gradually and smoothly. Hence the end time was not obvious.
(3) The next step of dehydration took place, from hemihydrate to anhydrite. In this stage, a constant reaction temperature appeared and the interior temperature began to rise rapidly when the reaction surface passed over there. It is notable here that the temperature changes in this third stage were not analogous to those in the second stage, but were quite analogous to those in the first drying stage.
4-2 Experiment in an Air Stream and Comparison with that in a Fluidized Bed
A similar experiment was performed in an air stream.
Since it was hard to keep an air stream at a homogeneous temperature in the equipment illustrated in Fig. 1 , another, smaller tower of 150mmI. D. was used instead. Accordingly, the sample was also changed to a smaller one in the shape of a sphere of 37mm diameter.
To makesure, the experiment in a fluidized bed was also performed by using the same spherical sample and this value (55°C in this example), and after that it rose slowly again. After fifty minutes, the outermost thermocouple began to indicate a higher temperature than the inner thermocouples.
At that time, the inner temperatures still continued to rise.
As to Fig. 3 (a), when the drying was over, the temperature at the radius of 13mmwas above 120°C and there the second stage of dehydration of dihydrate had been completed.
But in (b), the temperature at 15mmstill remained as low as 110°C. Moreover, the dehydration temperature in (b) appeared lower than in (a).
Similar relations were also observed in the first drying stage. As to the third stage of dehydration of hemihydrate, the reaction temperature appeared nearly constant in (a) but it increased gradually in (b). As the result of those differences, the total time to complete the reaction in an air stream was as long as 222 minutes, whereas that in a fluidized bed was only 130 minutes.
As summarized, experiments in a gas stream are greatly affected by the thermal resistance at the external gas film. And the reaction time could greatly be reduced by a high heat transfer coefficient8), which could be achieved by using a fluidized bed. From those experimental results and analyses, the resistance of chemical reaction in the third stage as well as evaporation in the first stage was considered to be negligible as compared with the resistance of diffusion through the product layer for the sample used in this study.
Whereas the smoothly curved profile in the second stage showed that the resistance of chemical reaction of dihydrate to hemihydrate affected the overall reaction rate to some extent.
5-2 Procedure for Making the Reaction Diagram
Using the temperature profiles such as shown in Fig. The equilibrium curves were based on the data of Kruis4).
As to the dehydration of hemihydrate, the equilibrium pressure was measured for the same sample used in this study by the transpiration method115. The results, which were plotted as small black circles in Fig. 5, almost coincided with the data of Kruis. 204 4, the (T, Xa) reaction diagram discussed in the previous paper2} can be madeas follows :
(1) Since the generated steam diffused through inert and (TC3»Xacz) as well as (TC3»xacz) and (TC2, Xact) are almost parallel to each other. Fig. 4 shows that for the distance le, less than 15 mm, the radial conduction of heat may be neglected and the sample can be treated as if it were an infinite slab. At first the mole fractions of steam xaci and Xac3 were taken from Fig. 5 , and the moving rates of the reaction surface dUi/dt and dUz/dt were calculated from Fig. 4 , say at U-14mm. And then applying the
5-3 Analyses of the Reaction Diagram
the effective diffusivity DeAcan be calculated, as summarized in Table 1 , where the second stage was treated as if the reaction surface existed at the representative reaction point (TC2, Xacl) in Fig. 5 , and in the third stage, the diffusion resistance within the gas film was neglected as compared to the resistance within the product layer of the thickness of 14mm.
The ratio of the calculated effective diffusivity to the molecular diffusivity6} was about 0.33 for an anhydrite layer with a void fraction of 0.65. For the layer of hemihydrate, the ratio was between 0.15 and 0.18, decreasing slightly with increasing temperature. It is due to the increase of void fraction as the result of decomposition of combined water that DeAfor the anhydrite layer appeared greater than that for the hemihydrate layer. The decrease of DeAfor the latter hemihydrate layer It is very interesting that the effective conductivity for the anhydrite layer, which had greater void fraction and lower bulk density, appeared greater than that for the hemihydrate layer. It was also supported by the measurement of ke by the unsteady method of heat conduction.
Hydration Reaction
To test the reversibility of the dehydration reaction, the hydrating reaction was also studied by using a highly humid fluidized bed. As shown in the time-temperature chart in Fig. 6 , when the dehydrated sample was held in the bed, its temperature increased rapidly and reached a stationary value which was higher than the bed temperature, since the reaction was exothermic.
In Fig. 6 , the time could be decided when the interior temperature began to decrease, and the resistance of the chemical reaction maybe neglected as in the case of the former dehydration of hemihydrate. Accordingly, the reaction point (Tc, xAc) can be plotted on the equilibrium line between anhydrite and hemihydrate on the (T, xa) diagram. Plot the operating point (To, xao)and connect these two points, and the tie line can be obtained for the reverse hydration reaction, as shown also in Fig. 5 . It appeared almost parallel to those for the dehydration of dihydrate, and the before-mentioned analyses were verified to be valid for the reverse reaction as well.
In this way, the (T, Xa) diagram can also be utilized for the reverse reaction. It facilitates greatly the nonisothermal analysis of the experimental data and clarifies the interrelating effects of chemical reaction, diffusion and heat transfer in solid-gas reactions. Applying the ( T, Xa) reaction diagram to experimental studies of dehydration of gypsum, the following conclusions were obtained : 1) By applying the fluidized bed, the experiment could be conducted under a very small resistance at the external gas film.
2) For the dehydration of hemihydrate, the resistance of chemical reaction could be neglected and the reaction line coincided with the equilibrium line on the (T, Xa) reaction diagram.
3) For the dehydration of dihydrate, the resistance of chemical reaction affected the over-all reaction rate, and the reaction band, which was a few millimeters wide, could be represented on the (T, Xa) reaction diagram by a striped zone.
4) The tie lines on the reaction diagram appeared parallel in each stage. And from their slopes the effective diffusivity DeA and the effective thermal conductivity ke could be calculated.
5) The reaction diagram could also be applied well to the analysis of the reverse hydration reaction.
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The authors wish to thank Dr. M. Taniguchi for his help in discussions of this work. The selectivity change in a consecutive reactions system brought about by the deactivation of a catalyst is studied from the viewpoint of the intraparticle diffusion effect. First, by analysis based upon three types of simplified deactivation model, it is shown that the deactivation mechanism inside a catalyst particle exerts a strong influence upon the tendency of the selectivity change with deactivation through the time history of the distribution pattern of rate constants. Next, the deactivation of a nickel catalyst for the hydrogenation of acetylene is experimentally observed. The observed relations of the selectivity to the degree of deactivation well accord with one of the three models.
In a detailed analysis, the micro-macro pore model proposed in previous papers1'25 by the authors is used as the basis of this catalytic system. The mode! is proved to be reasonable for the deactivation process also.
Recently, catalytic activity change with deactivation has been studied by some investigators4~6), considering the intraparticle diffusion effect. But few studies have been reported about the selectivity change. The selectivity in a consecutive reactions system is strongly influenced by the diffusion effect3'7).
Thus, during the deactivation of catalysts, the selectivity will change due to the relative importance of the diffusion effect, even though the ratio of two rate constants in the consecutive reactions system (s=£i/fe) remains constant. In this paper, the relations between the selectivity and the degree of deactivation are first analyzed for three different types of deactivation mechanism.Then experimental investigations of the deactivation of nickel catalysts under the hydrogenation of acetylene are carried out and the relation of the selectivity to the degree The following three types of deactivation process in the catalyst are considered.
1. HomogeneousPoisoning The catalytic rate constants decrease uniformly inside a catalyst particle. 2. Shell Poisoning 2-a. The shell, which has no catalytic activity, progresses towards the center of the catalyst particle. 2-b. The case where the activity of deactivated shell (the rate constants of the deactivated shell) is assumed as dki instead of zero. Here 0<<5<l.
